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NOISE RESISTANT SMALL SIGNAL SENSING CIRCUrT FOR A MEMORY DEVICE 

TECHNICAL FIELD . 

The present invention relates generally to integrated crcuit memory devices, 

and more specifically. «> sensing circmtry for sensing small r«is^ce differences n, 
5 memory cells, such as in resistive memory cells. 

BACKGROUND OF THE INVENTION 

Computer systems, video games, electtonic appliances, digital cameras, and 
myriad other electronic de«ces include memory tor storing data related to the use and 
operation of the device. A variety of different memory types are utiUzed in these devtces, 
10 such as read only memory (ROM), dynamic random access memory (DRAM), state 
access memory (SRAM), flash memory (FLASH), and mass storage such as hard 
disks and CD-ROM or CD-RW drives. Each memory type has characteristics that better 
smt that type to particular appUcations. For example. DRAM is slower d,an SRAM but ,s 
nonetheless utiUzed as system memory in most computer systems because DRAM ts 
,5 inexpensive and provides high density storage, thus allo^tg large amo»..s of data to be 
stored relatively cheaply. A memory characteristic that of.«, Hmes determines whether a 
given type of memory is suitable for a given application is the volatile nature of the storage. 
Both DRAM and SRAM are volatile fonns of data storage, which means the memor.es 
require power to retain the stored data. In contrast, mass storage devices such as hard dtsks 
20 and CD drives are nonvolatile storage devices, meaning tire devices retain data even when 

power is removed. , , . . , 

Current mass storage devices are relatively inexpensive and h,^ density, 

providing reliable long term data storage at relatively cheap. Such mass storage devtces 
are however, physicaUy large and contain numerous moving parts, which reduces tite 
25 reUability of the devices. Moreover, existing mass storage devices are relatively slow, 
which slows Uteoperationoftite computer system or otirer electronic device contaimngthe 
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mass storage device. As a result, other technologies are being developed to provide long 
term nonvolatile data storage, and, ideally, such technologies would also be fast and cheap 
enough for use in system memory as well. The use of FLASH, which provides nonvolatile 
storage, is increasing in popularity in many electronic devices such as digital cameras. 
5 While FLASH provides nonvolatile storage, FLASH is too slow for use as system memory 
and the use of FLASH for mass storage is impractical, due in part to the duration for which 
the FLASH can reliably store data as well as limits on the number of times data can be 

written to and read from FLASH. 

Due to the nature of existing memory tedmologies, new technologies are 
10 being developed to provide high density, high speed, long term nonvolatile data storage. 
One such technology that offers promise for both long term mass storage and system 
memoo- applications is Magneto-Resistive or Magnetic Random Access Memory 
(MRAM). Figure 1 is a functional diagram showing a portion of a conventional MRAM 
array 100 including a plurality of memory cells 102 arrang«l in rows and columns. Each 
15 memory cell 102 is illustrated flmctionaUy as a resistor since the memory cell has either a 
to or a second resistance depending on a magnetic dipole orientation of the cell, as will be 
explained in more detail below. Each memory cell 102 in a respective row is coupled to a 
corresponding word line WL, and each memory cell in a respective column is coupled to a 
corresponding bit line BL. In Figure 1, the woni Unes are designated WLl-3 and the b,t 
20 lines designated BU-4, and may hereaBer be referred to using either these specific 
designations or generally as word lines WL and bit lines BL. Each of the memory ceUs 102 
stores information magnetically in the fom, of an orientation of a magnetic dipole of a 
material foraiing the memory cell, with a first orientation of the magnetic dipole 
corresponding to a logic "1" and a second orientation of the magnetic dipole correspondmg 
25 to a logic "0." TTie orientation of the magnetic dipole of each memory cell 102, m turn, 
detemiines a resistance of the cell. Accordingly, each memory cell 102 has a first 
resistance when the magnetic dipole has the first orientation and a second resistance when 
the magnetic dipole has the second orientation. By sensing the resistance of each memory 
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eeU 102. ori«...tion of magnetic dipole .kI tt-ereby a.e logic s,a.c of U>c daU stored 

in the memory ceU 102 can be determined. 

The stored logic state cm be detected by measuring the memory cell 
resistance using Ohm's law. For example, resistance is determined by holding voltage 

5 constant across a resistor and measuring, dir«t.y or indirectly, the current that flo»s 
to>ugh me resistor. Note that, for MRAM sensing purposes, the absoh,te magmtude of 
^stance need not be knov™. the inquiry is whether the resistance is greater or less than a 
value that is intennediate to the lo^c high and logic low states. Sensing the logtc state of 
an MRAM memory element is dMHcult because the technology of the MRAM devtce 

10 inrposes multiple constraints. h> a typical MRAM device, an element in a high resis^ce 
sute has a resistance of about 950 kfi . The differential resistance between a logtc 

a logic "O" is thus about 50 kO , or approximately 5% of scale. 

Therefore, there is a need for a sensing circuit for a reristance mea^ng 
circuit to repeatably and rapidly d^sh redstance values for devices having smaU 

1 5 signal differentials. 

SUMMARY OF THE mVENTION 

The present invention is directed to an apparatus and method for data 
sensing that uses averaging U, sense smatt difierences in signal leveb representing data 
states. Tire apparatus includes an integrator circuit having a firs, integrator mput 
20 electricany coupled to a reference level, a second integrator input to which an mpu, rs 
applied, and firs, and second integrator outputs at which first and second output srgnals are 
provided, respectively. Tte in.egra.or circui. fimher includes an ampKfier circui. havmg 
pairs of differential inpu. and ou.pu. nodes. The m.egra.or circui. periodically switch^ the 
electrical coupling of each of the differential input nodes to a respective integrator mput 
25 and the electrical coupling of each of Ure differential output nodes to a respective integrator 
output Tlte apparatus finther includes a comparator having first and second input nodes 
dectricaUy coupled to a respective integrator output and fimhcr having an output node. 
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The clocked companOor periodically compares voluge levels of the first and second utput 
nodes and generating an output signal having a logic state based therefrom. A current 
source having first and second current output nodes coupled to a respective integrator 
output is also included in the apparat«. The current source switching the coupling of each 
currem output node to a integrator output ba^ on the logic state of the output signal of the 
comparator. 

BRffiF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional block diagram showing a portion of a conventional 
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MRAM array. 

Figure 2 is a functional block diagram of a sensing circuit according to an 

embodiment of the present invention. 

Figure 3 is a schematic drawing of an integrator stage according to an 

embodiment of the present invention. 

Figure 4 is a schematic drawing of a switching current source according to 

1 5 an embodiment of the present invention. 

Figure 5 is a schematic drawing of clocked comparator according to an 

embodiment of the present invention. 

Figure 6 is a functional block diagram of a sensing circuit according to 

another embodiment of the present invention. 
20 Figure 7 is a functional block diagram illustrating an MRAM including a 

sensing circuit according to the present invention. 

Figure 8 is a functional block diagram illustrating a computer system 

including the MRAM of Figure 5. 

DETAILED DESCRIPTION OF THE INVENTION 
25 Embodiments of the present invention are directed to a noise resistant 

sensing circuit for data sensing circuitry that u^ averaging to sense small differences in 
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.evels reruns daU states, such as i. resistor-based n^ory crcurts. Cert™ 
aetaiU are s« forth be.o« to provide a sufficient understanding of the invenUon. How^er, 
U win be dear to one skiUed in the art that the tovention »ay be practiced wtthou. flrese 
particul^ details. In other instances, weU-tatown circdts. control si^s. and tn„«g 
5 protocols have not been shown in detail in order to avoid unnecessanly obsc^mg the 

Figure 2 illnstrates an entbodimen. of a sensing circuit 200 according to an 
e„,bodin,entoftheprese„tinvention. The sensing circuit 2(K. includes an integrator^ge 
,.0,asv.tchhrgcurrentsource2.2,andacloc.edcon.para.or2M.AswrUbee^^^ 

,0 hr ntore detail below, a. output si^al UP (or DOWN) of the s«.sn,g crcur. 200 . 
averagedoveraperiodoftin,etodcter„Unethedatas.ates.ored„nan,en,o.ce,l,s„ch^ 

^esiLn-enrory cell 220. T,« average valuecalcuued is indicative of thcdatas 
tt.e menrory cell. In sunnnary. the s^g circuit 200 outputs a stream of b,^ resulh g 
^ tbe cyclical Charging and discharging of capacitors 340, 342. The ratto of logrc 1 
,5 bits (or alternatively, logic bits) to a total number of bits yields a nuntencal value ^ 
_l^„as to an average current throngh a ntenrory cell, .ch as res-suve.^^^ 

220. in res^nse to an appUed voltage. The average current, in turn, ,s use^ to d_ 
4elogicstateof.heda.astoredbytheresis.iven.«no,yceU220.C.rcurtryforperfo™ng 

lavlgingope^tionofthebitstreantprovidcdbythesensingc^U^^^^^ 

20 shown or described in great detail in order to avoid obscuring descnptton of th^ pre^ 
invention. A ntorc detailed explanation of using current avcrag^g for nre^oryc^^g 
.p„videdintheconn„onlyassigned.co.pendingU.S.Paten.ApphcanonNo.J3^^^ 

filL August 27. 2001, entitled RBSISTIVE MEMORY EIXMBNT SENSING USING 
AVERAGING, which is incorporated herein by reference. 

A potential issue, however, with the circuit described in the aforemenuoned 
patent application is related to offset voltages and currents inh«e„t witi. the differ»ti. 
LpliJ„f.hesensingcirc»it.aswellasl//noise.ltwillbeappr.iatedt^^ 
Jeausecwrentsin.hetensotnano-an^.obeou.putbythedifferentiala.nphfier. In 
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of ^ s- volUge margin between data state, of a n«n.o^ o^«. J 
Lve.ne.«y*ana.he«s«,«ngn«gni.u..eofou.putc„,«n.(-.C«nAra^e)by.^^ 

TffLa. amplifier when«adi„.«.-otyee«.^«e.o^e.vo.uges and c.^.. 

as u/noise oa. eause reading ««s if no. con-pensated. M se.^ -nU 
5 reLbedinleaforen,entio.eapa.e„t.ome.issuesa,co„n*ensa.edf„rbycaU^ng«^ 
iC^a^an^Hfier. However, it is o«entHe ease that tbeca,i«on must be ad,n^.. 
:ls — i. rabHoaHon of tbe n,en,o. dev.ee. ^dditiona... .be ^ 
Lbtating *e differential ampUfiers of a «»nory device is .nne oonsnnnn^ As wti. b 
e^ed . more de.ai, be.w. en,b<^«>.s of U.e presen. ^vention molu^g ^ 
,0 lgemen.i«»s.ra.ed.PiS»ea.provideoffse.and,//noisee„n>pensaUonw..bo.«,e 

need for oaUbration, and allows for tl,e integration to run indeflmtely. 

■n.e op«ation of U.e sensing eireui. 200 will be described generaUy wth 
,espec..oPig«.2.Tb.resis»nceKcellof*eresistivemem„.y«.m0i— 

ij„. vo..ge relative to ground. In reading a n.en«y cell, a wor^hne (WL)^ 
.3 coLspond:gtoa.waddressisactivatedand^HrOH,andbi.li«sofa»»^ 

. coupled . .e ^u. n.es of tbe ^i:: Jj^ 
wordlines in ttB memory array are grounded. As lUusttatedmrigur 

:selec«dWL224isd.opp».overReellandaW-resisUnce222tba.repre^^^^^ 
l3nceoftHeo«.erresistivememorye.lsofti«bi.«neconp.ed.ti.em^^^^^^^ 
ao bu. no. coupled to the selected WL 224. N«. -hat the ground node coupled to the snealc 
resistance 222 represents the unsclected, that is, grounded, wordhnes. 

^r thepresen. example, operation of first and second chopping cswtK^mg 
^its 230, 234 WUI be ignored until later in order to simpli^ the «P'-«»^^ 
sensing circuit 200. The voluge allied to the input node 226 causes a dtffere,.^ 
a3 ZI.3-osupplycurren.toeithernode236or238,anddrawcurren...m^o.« 

„1 Asares«lt.ti,ecapacit„rcoupled.othenode.owhichti«difre.enti.3m^««^^ 

is supplying a current wUl be charged, increasing *e voltage of «« node. Conversely, m 
3^e^upledtotirenode.^which.hediffcrential amplifier 232isdrawmgcu.ren. 
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will be discharged, decreasing voltage of tot aode. A clocked comparator 250 senses 
the relative voluges of the nodes 236. 238 in response to a clock signal Comp.clk and 
generates a corKSponding output si^ UP. n-e clocked comparator 250 also generates a 
complementary output signal DOWN. As illustrated in Figure 2. an inv«ter 252 is coupled 
5 ,0 «.e output of the clocked comparator 250 to generate the DOWN signal. However, .t 
will be appreciated that the clocked comparator 250 is provided by way of example, and a 
clockedcomparator suitable for use^iththepresentinventioncanbeimplementedmrnany 

different ways other than that shown in Figure 2. 

The UP and DOWN signals are provided to the switching current source 212 
,0 having a first cutxen. source 260 and a second current source 261. Each of me current 
sources 260. 261 switch between being coupled to the nodes 236. 238 based on the state of 
the UP and DOWN signals. In one state, the current source 260 is coupled to the node 236. 
providing current to positively charge the capacitor 236. and the curr«,. sou^c 261 .s 
coupled to the node 238. providing current to negatively charge the capacitor 238. In the 
,5 other state, the cunent source 260 is coupled to the «>de 238. providirrg current to 
positively charge the capacitor 238. and fte current source 261 is coupled to the nod. 236. 
providing current to negatively charge U,e capacitor 236, Consequently, where the UP and 
DOWN signals switch states, the coupling of the current sources 260. 261 wiU switch as 

well. ^ ^ 

20 For example, as iltastrated to Figure 2, the UP and DOWN signaU are IX)W 

and HIGH, respectively, causing the current source 260 to be coupled to the node 236 and 

the cnrten. somce to be ccmpled to the node 238. Upon flte next rising edge of the 

Comp elk signal, the voltages of the nodes 236. 238 are sensed by U>e clocked comparator 

250 m voltages at the nodes 236, 238 are represented by signals intoutlp and mtoutlm. 

2S respectively. Where the ecupling of the eunent sources 260, 261 are such that the current 

provided to U,e capacitors 240, 242 over the period of the Comp.clk signal causes the 

voltages of the nodes 236, 238 to change from flte previous rising edge of the Comp.clk 

signal the output of the clocked comparator 250 changes logic states. Ws in mm causes 
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^ coupling of U« our™,. souKes 260. 26. .o swi.oh nodes as we... B win be appreo,a.ed 

: reo!p.U. Of .e o»«.. ^ « - ^ ^^^^ 

p^vided by .he diff«e„«a. a^pimer 232 » ei*er one of «.e cap...o. 240 242 
LvolJofO-erespecUve node 2,6, 23S.obegrea.e.*anmeehanse.vo,Ugeoa^ 

5 r;««el.son«eov„onepeHodofU,eCon,p_c.s.s„a.. When ««s <«ou«. « 

L of «.e and DOWN si^a.s n.ain.^ '-^ ^^^^ 

average ofteou«,».signa.of.he sensing oircoi. 200 to change. 

AS previously n-endoned. ope^don of .he firs, and second sw..chrng 

ci«„i.s 230, 234 has been ignored. Operation of *e &s. and second swi.ching eircu.^ 
cucuiBiiu, p,„„i„edbrieny ttie first and second switetangcircmB 

10 230, 234 wi.. now be discussed. Explained bnetly, ra . , ,,. ,„ , ... 

230 234 are used to zero out », inhere,, offset wiUi die differentia. ampUfier 232 and .// 
AS previously discussed, o,^ vo.tages and currents, as we,, as .// noise cause 
ring Jrs if J. compensated. As wiU be explained in more detail below. ^ 

ILnts Of the present invention, o^t and l//noise ^"^^ 
15 .i.houtmeneedforcalibration.andadditional.y.integrationcanbenu,u.detately. 

Pi^ 3 mus^ates an embodiment of an integrator stage 300 that can be 
substit.edf»theintegra«,rstage2.0.Figure2.1.einte^.ors.age3^i.^^^^ 
input multipiexer 320 coup.ed to a first switching circuit .4 a. an input node 322. ^ 
Illexer 320 selects between coupling a first digit «ne signal SA.m.O and a second 
multiplexer 32U se ,„^,«2 based on the logic states of address signals 

20 digit line signal SA.in.l to the input node 322 based on me gi ..^^ 

BO »d Bl . The address signals BO and B. are conventional and provision of ^ 

.signa.tothein.egratorstage3<K,arewell.ow„.«.-.A— 

.he first switching eircuit 3.4 is coupled to ground through a transistor 328. The gate oM, 

«.>stor32Siscov..«i.oa^w.rsu,..y»a«ngthe.ransist„r32Scond^^^^ 

25 n^les 332. 334 are coupled to non-inverting and hiverting inp»« o ^ « 
amplifier 3.0. respectively. Non-inverting and inverting outputs of ^ 

3,0 are coupled to input nodes 336. 33S, respectively, of tile second sw.^. 
Zi. 31S. output nodes 346. 348 of the second switching circuit 318 ^ coupled to 
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e^.i.„ 340. 3«, ^^^^y. AS p.evious,y discussed, .he ,„.ou Up 

rj .he voUages a. «.e nCes 330, 332 . «.e cap.i.0. 340, 342 ch.ge ^ 
aiLge. The in.eg«.or s.ge 300 «her includes a conunon-Mode feedback ou.u.. 352 
, ^J.«.eou.u.«ode.34M4Sonheseeo„ds^.ohi.goi.ui.3mo™.««ou^^ 
rul.ofa.ediffe««.ia.»pUae.3.0.oadiffe.e„.iaUu«„.. The vCges. Vh»U 

^as2 Vbias3. and Vbias4, iUus.ra.ed in Figure 3 are bias vCuges *a. can be genera.cd 
:::L..ein.gra.ors.ge300.anycon— n.anner.:.winbe^^^^^^^^ 

•<: Wis can be made by ttioseofordmaiy skill m die ar. 

fl,a. selection of specific votege levels can oe mao y 
,0 basedonaiedescripUonofa.eprc.en.inventionprovidedhe.ein. 

O^ln of aie i..egra.or s.ge 300 is essentially Uie same as previously 

explained widi respeo. *> Fi^ 2. However, operation of tiie in.eg..or s|age 300 is 
iedbyaieoperationof«iefirs.a„dscc„»iswi.chingc^..3,4.3,S.Thefi^an 

:^„d sw ching circui. 3.4. 3,S receive complement., clock signals sw..hc,^^ 
15 Lhcn.. Theswi.chc«candswi.chclk.signalscanbegenera.edinanyconv«i.ioa. 

3nd .ypically have a lower ™ a«n die Comp.clk signal provided . ^ 
~ L (Figure 2, The swilching circui. 314. 31S generaUy ^h ^ 

eoi^Mng of die inpu. nodes U, ou.pu. nodee back-and-ford, in synchro.ci^ widi *e 
I^IoLgnal. A,wU.bee,..ainedinm„rede.ailbe.ow.bypcriodica,lys..hmg. 

nLlationof.heda.va,ues.redi.amemorycenbyaver.gh,gmu.tipesamp,es. 
»yoffee.issueswid,a.ein.egra.orcircui.3,0andl//noisecanbe.veragedont 

For example, assume ti». die differential amplifier 3.0 haa an offee. a»t 
^ . fir. of^ c^ren, .0 flow o„. of differential amplifier a. die node 336 
.3 posilive polaH.) and a second o,^ curren. » flow i.» «ie di,feren..al a^r^er^* 
Le 33S (,.e., ncga.ive polariry). When die swi.chcm signal — HGH, NMOS 
_isU.rs360,36,ofa,efirs.swi.chi„gcircui.3Hbecomec„nduc„v.c„uph..a«m^^^^ 

^e 322 .0 «« 0U.PU. node 332. and coupling die inpu. node 324 U, die ou.pu. node 334. 
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AS for fte second swtehing o»»i. 318, PMOS transistor. 364, 365 become conducttve. 
eouplms the input no<i. 336 to the output node 346, and coupling the input node 338 to the 
output node 348. Thus, during the tin,e the ^tcheUt signal is HIGH, the postUve po lanty 
of the first offee. current adds to the output current applied to the capacitor 340 and *e 
5 negative polarity of the second offect cunent subtracts fion, the output current apphed *> 

the capacitor 342. „„fti,#. 

When the switchclk signal traditions LOW, however, the couphng of the 

i„p« and output nodes of the firs, and second switching circuits 314, 318 switC Tl.t .s 
whenthe switchclk st^alisWW.NMOS transistors 362, 363 ofthefirstswitchn,gcu^^^ 

,0 3.4 become conductive (and NMOS transistors 360, 361 switch OFF), swrtchmg the 
^^Ungofthe input node 322 to the output „ode334 and the coup..n,off|hc^-^ 
324 to the output node 332. Similarly, in the second switching cucu,. 3.8, PM^ 
transistors 366, 367 become conductive (and PMOS transistors 364, 365 swttch OFF 
switching the coupling of the input node 336 to the o«pu. node 348, and the couplmg of 
,5 the input node 338 to the output node 346. h. this arrangement, the firs, offset curren^ now 
adds 1 the output current applied to the capacitor 342 and the second offset current now 
subtracts ftom the output current apphed to the capacitor 340. 

As a result of the switching of the input and output nodes of the swrtchmg 
circuits 314 and 318. the positive and negative offie. currents are appUed to each of ^e 
,0 capacitors for an cua. time. ..us, where the data state of a metno^ ceU .s b^ on * 
avlage of multiple samples taken over a period of time (prefe^bly a mul^J^-.^ 
switchclk signal), the ome, currents inherent with the differcnua. ampUfier 310 can be 

Figure 4 illustrates an «nbodimart of a c«.r«.t source 400 that can be 
^S substituted for the curr». sources 260. 26. ilh.stra.ed in Figure 2. -^-^ ^ 
includes PMOS «nsistors 420, 422 that couple a power supply having a voltage of Vdd » 
„ node 426, and NMOS transistors 430, 432 U«t couple a node 436 to ground. E»=h of a« 
PMOS and NMOS tta.sis.ors 420. 422, 430, and 432 have a respective vo.tage apphed to 
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gates .0 se, U,e eo„d«^vi.y. As p«vio.sl, discussed, the voltages, Vb^l. Vb,.^ 
VbiasB. and Vbias4. a. selected .0 set the magnitude of c„„en. supplied to the nodes 426 
^ 436. -ntese voltages can be generated and p«.vided .0 the curm,. source 400 u, any 
conventional manner. 

5 The current source 400 further includes PMOS switchrng transistors 404a, 

404b and NMOS sv^tching transistors 408a, 408b, The Do™ int and Upjn. si^ 
applied to the gates of the transistors 404a, 408a and 404b. 408b, ^^-^^^ ^ 
.witching transistors 404a. 408^ 404b, 408b, altematively couple nodes 410a, 410b to 
either the power supply or ^und, depending on the logic states of the Dowr^m. an 
,0 up in. signals. As previously discussed, the Down.in. and Up.n.. s,^ h.« 
ilententary logic states, and are generated as output signals of the clocked c^^pan. 
214 (Figure 2). The nodes 410a. 410b represent the nodes .0 which the capacrtors of the 
integrator stage 210 (Figure 2) are coupled. Thus, because of their conrplenrentary l«g,c 
^l, the n^les 4,0a, 4.0b are alten»tively charged or discharged based on the swrtchntg 
15 ofthe Down inland Up_inl signals. 

' m operation, when Ure Up.in. si^al is fflGH (and the Do,™_mt s>p»l .s 
IX>W). current is being suppHed ,0 the node 4,0a and drawn ton, the node 410b. When 
.he UP in. and Down.int signals switch .0 WW and HIGH, respectively, current ts then 
arawn ton, d.e node 410a and suppUed «, U,e node 4,0b. As Up.in. and Down.mt 
20 signal continue to switch logic states, the current or sunk aM.ma«s be««n the 

nodes 410a, 410b as well. 

Rgure 5 iUustra.es an embodiment of a clocked comparator 500 mat can be 
»bs«b..edfor«»clockedcon,par..or2,4i,,ustratedinFigure2.T.ec,ockedc^^^^^^ 

500 includes a latch circuit 502 formed tom cross^upled PMOS transrstors 504. 506 and 
,5 or.s^upledNMOS,ransistors508,510. A to. logic state and a complementary -or^ 
logic state are latched a. nodes 5,4 and 516, respectively. Coupled to the nodes 5.4 a^ 
5,6 is an actfve-low se.-rese. (SR) Hip-flop 520 having .wo output nodes a. wtach Up.m. 
^ Down m. signals are provided. The UpJn. and Downjn. signals are provided .0 a. 
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SR 520 is —a. . and op«a«o.. Tha. . ,»he. «.e 

Jlogic state a. tt-c node 5.4 switches .0 LOW. .he Down_u.. s.gn^ «.« be HIGR 

,s„.h the nodes 514 and 516 a«HIC5H, the Upjnt and Down.mt 
5 Where the logic state at both the nodes 3 ii a 

''^"'t:^"Iis.o. 550a. 550h ate copied in parallel to the PMOS 

504 and 506. tespce«vel,. NMOS ttansi^ots 554a. ^ 
...„p.ed.MOSttansistots5<.and5.a..eo.^^^^ 

,n 508 and 510 A Comp elk clock signal .s apphed to the gates of PMO!. tr 

5 llTeNMOsLstors554a.554h. T.e Contp.clk sigaa. can he p.duc^ .n an, 
ntanne.. The Cocked con.pa«to, 500 Ihtthe. includes NMOS ttans-s^ 
r60a 560b coupled in paraUe. to the NMOS transistors 50S and 5.0, respecttvel. 71- 
and Ll» signa. are applied to the gates of the NMOS transistors 508 and 

" "''^'"t ope.a.ion, the Cocked con.pa^r 500 provides Up.int and l>own in. 

in synctaodCty wiU, Ute Comp.dk signal for averaging based on logic st^ of the 
::!.pJin.o..n.signa.of.ei.tegra.rstage..O(Pigt.c..^^^^^^^ 
eageof*eC^P.cU=signaU«rec,oc.c»»con,pan-5(K,se.sU.e.o.c«eoft.^eUp^^ 

,0 an Down int signals based on the .ogic st«e of the intout.p and intoutln. U^n 
: M^'edgetf the Co^p.cUc si^ ^ -es of the into.lp and n.to« In, 
in : nl.3i.ed in Uteir presen. s.e ... Ute peHod of Con..c. stgua. ts 

p„reKa»p.cd„ri.gthetin,e«.eCon,p.Cksigna.isHlGH,the,a.hcirc„it 

^ intoutlp and intont.n, signals. Not. *at dttrh^ *e ^ the Con^.Ck 
«GH.ho.thePMOStransistors550. 550bareOPP..us.a..ow.ns«.e.»^»5H^ 

,0 be set according to the .ogic states of the intout.p and intout.m stgnal. When fte 



i 



13 



■ it 502 is active and ftc intoutln, signal is HIGH, to node 516 is pulled LOW. 
'ZZ:Zs^^S.. «sin.»n.p.lsto„ode5UH10„a„dactiva. 
: mOS — . 510. AS a result, U,. Upjnt sign. P-vi^e. a. the ou.p„. ofto 

. . ^oinc HIGH and the Down int signal switches 
arrive low SR flip-flop 520 switches or remains HIGH, ana me _ 
5 nr^W U^n to Coo,p.c. sign, going LOW, .oO. to NMOS «ans«,s 
575™! a« s»il 0.F isoUins to nodes 5H and 5.6 .on. to coss coupM 
ros Lsis.o. 50S and 510. Additional,,. Wti> to PMOS Uansisio. 550. ^ 
Zleconduc«ve,a„dto„odes5.4,5.6a«o„npled«.apowersnpplyhav™ga™.Uge 

p*gtonodes514,516H10H. Asp.vions,y»ention..whenbo.^to.npn. 

,0 Z 'LL SR mp-nop 5.0 a« HIGH, to lo^c stale of to Up>. and Down.u.. 
sienalsaremaintainedintheirpresentstate. 

When to Co»p c«= si^ goes HIGH again, and to .og,e states of the 

..outln. and tatoutlp signals h'av. switched to IX)W and H<°H. ^-"^^ 
5,4 wm he pulled LOW and to node 516 will he pulled HIGH, As a «snl. to Up^ 
.5 L Down I sisals will switch as well, with to Up>t si^ changu.g .on. HIGH 
' i.a.e;a::Won.andtoOown>tsig„alchansing.on.aU,W..^^^^ 

■ , t.u rllccvcle to logic states of to Up jnt ana 

HIGH one. For the remainder of to Comp.clk cycle, me log 

DownintsignalswiUbemMntaioedintheirptesentstate. ^„ ,oO to 

" ,. will be appreciated tot to emhodiments of the mtegrator stage 300. to 
,0 c«rren.so.nce400.^tocloo.edcomparator500shownh.Pigures3.5a^p^^^ 
aiscussed. have heen provided hy way of example, ^e descnpfon provd^ 
^fficien. .0 enahle on. of ordinary s«U in to art to implement to prev.ously des^hed 
luits and provide to same «mctionaHty and oper^iUty, hn. in altemaUve manner. I 
I.eJrapprecia.ed,ha.modificationss„chas.hes.arewe„wi.hintoscopeofto 

" ^ ^ «,„ ..^g to an alternative 

. • rinn The sensing circuit 600 includes a first integrator 
embodiment of the present inventoon. The sensing 

stage 602, a second integrator stage 604, a clocked comparator 606. and first and 
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switched cunen. souses 6,0. 6.2. Operation of U.e sensing cixcui. 600 is snn.1ar^«,e 
^«„„ of U« s«»ing oireui. 200 in„s,r..ed in Figure 2. sensing orrour. 600 -s 
different in that a s^nd inte^or stage 604 and a second switched c«ren. sonrce 6.2 has 
^ inCuded. The second integrator stage 604 provides increased gain over the sensmg 
5 circuit 200. as wel. a. second order noise shaping. 1^ integrator stage 2W can be 
substituted for the integrator stages 602. 604. However, switching circuits, snn,.ar to firs. 
andsecondswi*=hingcircuits230.234(Figure2)canbeon.ittedfrom.he second n-tegrator 

stage since the voltage .eve.s of the output signais fh>n, the firs, integrator stage 60 ,s 
J. enough where inherent in the second integrator stag. 604 and .//norse . .«s 
,0 .i.e.y.0 cause reading errors. „ wiU be appreciated that the description provtded h^ 
including the descripHon related to Ure fimction and operation of .he sensmg cucur. 200. 
s„fficienttoenab.eoneofordinarys.dllinfl.ear.topracticetheinvenuon. 

Figure 7 is a simplified block diagram of a memory device 700 .ncludmg an 
MRAM array 701 having s««e circuity 7.0 according .o an embodiment of Ure presen. 
,5 invenUoaThememorydevice 700 .iar.herh.c,udesanaddressdeooder702«».rece,^^ 
^ f^m circuity (no. shown), such as a processor or m«nory con^Uer » 

^ address bus ADDR. m response d» received addresses. Ure addr^s deco^ 
decodes the addresses and appUes decoded address signals to access correspondmg MKMl 
„emoryce.lsintheMRAMarray701.AreadMri.eci,c«it704tra„sfersdatao.adaubus 

,0 DATA to addressed memory cells in dre MKAM array 701 during ™« ope«..ons. and 
t^f^ da. ^ addressed memory ce.ls in d.e array on. *. da. bus dnnng r^ 
operations. A control circui. 706 app.ies a p.uraU.y of con.ol signals 708 . contro * 
MRAM array 701. address decoder 702 and read/write circuit 704 during operation of Ure 

MRAM 700. , . . 

„ to operation, tire eK.ema. circuitiy provides address, conto.1. and dati. 

signals «. d.e MRAM 700 over tire respective ADDR, CONT. and DATA b«s». Duri.« a 
1 cycle, me ex»ma. circuitry provides memory addresses on the ADDR bus control 
signal on the COKT bus. a». daU on ti« DATA bu. to response .o tire contio. s-gnals. 
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4. conm.. circuit 106 generate, controis signai. 708. to con.™, the n.en,o.y.e. array 70. 
^ .ecoaer 70. and rea.«.te circuitry 704. 1.e addre. decoder 702 decc.e^ * 
„ addre.. on the ADDR bus and provides decoded address s,g„aU to seicct the 
.orres^ndins n,e.o. ce,. in the „en»ry-ce„ array 701. ^ read/™te cncu.^^ 
S receivl write data on the DATA bus. and applies the write da. to me nrenrory-ceU array 
701 to store the data in the selected memory cells. 

During a read cycle, .he external circuity provides a memory address on the 
ADDR bus and conttol signals on the CONT bus. Once again, in response .o to conW.1 
sisals, the control cir^it 706 generals controls sis^als 708 to con«ol to memory-cell 
,0 «ay 701. add^ss decoder ,02. and read/write circuitry 704. h. response to the m«no^ 
^idress. the address decoder 702 provides decoded address signals » access to 

.-lu in to array 701 The read/wri.e circuitry 704 provides date 
corresponding memory celU m Uie array /ui. , . .;, 

.oredintoaddressedmemory cells ontotoDATAbustobereadbytoexen,.c.r»^^. 

One skilled in to art wiU understand circuitry for forming to address decoder 702. 
.5 read/write circuitry 704. and control circuit 706. and thus, for to sake o™. tose 
components areno. descHbed in more detail. Altough only a single array 701 . sho,™,n 
^ MRAM 700. to MRAM may include a pluraUty of arrays. a») may also mclud. 
additional components not Ulustrated in Figure 7. 

Figure 8 is a block diagram of a computer system 800 mcludmg computer 
20 circuitry 802 that contains to MRAM 700 of Figure 7, Tlte computer circuitry 
performs various computing auctions, ^h as executing specific software to per£o» 
specific calculaUons or tasks, h. addition, to computer system 800 includes one or mo^ 
input devices 804, such as a keyboard or a mouse, coupled U> to computer ctrcurtry 802JO 
L ^ operator to inter,^ with to computer system. Typically, to -">P"-^ 
25 800 also includes one or more output devices 806 coupled to to computer crcuttry 802 
such output devices typically being a printer or video display. One or - data .o^ 
devices 808 are also typically coupled to to computer circuitry 802 to store dat^ or rem^ 
aata irom external storage media (not shown). Examples of typical storage devrces 808 
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include hard and Hoppy disks, tape cassettes, compact disc read-only memories (CD- 
ROMs), read-write CD ROMS (CD-RW), and digital video discs (DVDs). Moreover, 
although the MRAM 700 is shown as being part of the computer circuitry 802. the MRAM 
can also be used as a data storage device 808 since, as previously described, the nonvolatile 
5 nature and speed of the MRAM make it an attractive alternative to other storage media 

devices such as hard disks. 

From the foregoing it ml\ be .ppreciated that, although specific 
embodiments of the invention have been described herein for purposes of iUustration. 
various modifications may be made without deviating fiom the spirit and scope of the 
10 invention. Accordmgly, the invention is not limited except as by the appended claims. 



